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ON THE EFFECT OF GASEQUS ENVIRONMENT ON CRACK PROPAGATION ¥
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A wide variety of the mechanical properties of materials are
affected by the presence of gaseous environmentﬁ. Active gaseous
environments can significantlyl redice the ductility and strength at fracture
of materials ranging from glass thxrough ceramics to metal single crystalsl’é.
The understanding of such effects is fundamentally important and of practical
interest in applications such as the selection of materials for space vehicles
where components are exposed to large changes in temperature and pressure.

The influence of an active gas on a material under stress is
generally a.t.t,ribu’c.edl’z’3 sb to sorption of the gas at the tips of cracks
which are produced either by the def'ormation or by the method of forming the
material. This sorption of gas at the tips of cracks weakens the material
and enhances the rate of crack proragation. It has been pointed outz,
however, that the influence of an ective gas is hard to explain because
even at low gas pressures the high molecular speed suggests that gas molecules
can reach and saturate the freshly exposed material at the crack tip in
relatively short times, i.e., far shorter times than those involved in the
application of stress to the matericl.

My purpose here is to show that the average molecular velocity

when used in this manner is not alwzys the best indication of the time for

molecules to reach the crack tip, since this time is determined by the crack

. % This work has been /supported by Netional Aeronautics and Space Administration
under Contract No. NASr-th.) ’
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geometry and the type of gas flow st the gas pressure concerned, i.e.,

wnether the flow is viscous, free-nolecular or in the itransition range.
’ g

The approximate limits t5 the pressure regions, in which the

5

different types of gas flow occur, are given” by the Knudsen number, i.e.,
the ratio of the mean free path of the gas molecules in a charnnsl and the
characteristic dimension of the chaanel, @, such as its diameter. The
following discussion is confined to the range in which free-molecular flow
occurs, i.e., for Knudsen numbers ;reater than one, or alternatively this
.5 ~ s On 5 _ -3 . TS e
may be expressed” for air at 25°C as a - P 5 x 1077, where I is the
pressure in mm Hg and a is the characteristic dimension in cri. The
importance of free-molecular flow is twofold. Firsily, far small cracks,
a 1s small so that this type of low can occur up to high pressure, e.g.,
s "5 3 b + -2 :
for a2 10 ~ ecm free-molecular flow will ccocur up to P2 5 x .0° mn ..
Secondly, for free-mclecular {low, the transport of gas mclecules along a
channel is severely restricted whe:x the cross-section of *he charmel is small
.y . 7 _ i
1hls second feature has been shown' to be consistent with the gas 1rescure

o

dependence of the thermal conductisity of two-phase sysienms of gas nd uncon-
olidated glass bead pacts where a2 pore space is small compared wi-h ‘he
radius of the bead and the mean fr:: path of the gas molecules. sXarples

of smail cracks, which can affect the mechanical properities in ‘i
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of an active gas, are: fatisue criacks ’3, cracks in oxide films cracks in
T .. 1,7 X N NN . :
Lritile materials™’  produced by hiadling or the mcihod of preparation. ind
cracks prodiced by static fatigue .

One of the important parineters in determining the inflience c
an active gas on the mechanical projerties of a material containing s

small surface crack is the time for the formation of a unimoliecular layer




on the walls of the crzck. This i
flow conditions using Clausing's "gas canillary" mocel

tre wails of the crack are initielly cles

£:pst formed at the mouth of ihe Ci

orce the unimoleculer laver has Sormed no furtner zdsorption ‘c«es DL&ca,
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ard *hat the shape of +ne cre&Cx can be aooroximeec By @ crorne. o nnlurm
cross-secticn. Under these ausum Licng, cre cen Wrile, 12 re pounGary of UL
adsorbed leyer wnich nes reacrec & position X along the creCx - wime U,

sucn that O <t < tl and 0 <x < 4, grows & distance dx in time &

where A is s cross-sectioral areée of trs crack, I Ihe perime

crack, £ is Tos cross-sectionel area ©
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Substituting for X' and integrating (1) we otzein

i.e.,
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where G is & geomciricsL JsClor 8no equal Vo H (10A{ Y !1,'/2./{6&

Alternatively
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P A
3.5 p.¢ .A.C“d ~l
5 + Yo ~ = e b e - - ~ oy = N eyt T .
where P is the precsure in mm Hg, M 15 tne molecular weisnt and T 1o the

Paah! ~ .

Thus for a given temperaturc ond gés, W GURends oL iy on
A\
. -~ P B - PRSP . ~ v PR - 4 P - .
the geometrical Iactor G end 1lnvVersc.y On "7 &nG P, DU L sVider
1
. 5 > -~ - . .3 T PR = B
ecquation (2) becomes identical wiili i€ exprecsion 10T L. o originanly

e

s - u - - ~ - ial - . - . -
¢otained by Clavsing Ior the uvime W cover lre walls of 5 ¢ linGrics. Xre

w

when A = 7"a“ and k = 27 &, where & is the radius ol the por:, l.e.,
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As & numerical example, iie 1
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s crack of uriform rectanguler ceciicn (& X b, 10 be coverea Will & ul..~
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oiher dimension, b. In this ceve, G can be approximeiadg
. - =5 -7 - -16 §
Taking a~ 10~ em, 7.~ 167° cmnand £ = 16 x 10 cm g

-, - o~ N - = am £ e - ] T, .y e - - S
sec. or OXyen pressures ranginy Irom LU O v mm Hg, . verics Irom
4
»
6 =2 N - ,“,"\:‘,_ -4 A [ o + + 3 + ~ VT
D GIFQV s vo & x 107 sec; 1.e., a1 LlOW precsures the lime = ¢ evnreCliolas
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olie Senolnenion of desayed Ircciure wWl.oTre ULL Lracilar Time varliecs Deltween
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1C 0 10 sec and is grastically &l
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the rsie- of work hardening of metal

= s Ve T oot s T
L RO L BRI it R, Wl
o, M. ®, Achier snd H. w. r5OX, 2IE:
- -~ N e o

. . Tushman, "Scientific Foundat

sing.e crystals are dapendent on the

snrface layer at diTferent

4 <. m. ¥ramer and 5. Podlasek, Acta Met., 11, 79 (1963).

. A e 1R
8. ©P. Clausing, An. Physik, 7, u&9

O

‘
‘
t *
4
*
)
* o
¢ v
.
[ . 5 -
& # N .

3. 1. Schoening, J. Appl. Prys., 3i, 1779 (1960).

woodside and J. H. Messmer, J. Appl. Phys., 32, 1688 (1961).

S. Creutz and L. R. Zumwalt, J. Appl. Phys., 33, 2883 (1962).

s

2

E

3
!



